Background: Neurological deterioration (ND) shortly after stroke is common in Chinese patients. We aimed to determine the effects of ND during hospitalization on stroke prognosis.
Introduction
Stroke is a disease characterized by high levels of disability and mortality worldwide (1) . In China, approximately two million people suffer from strokes each year (2) . The consequences of stroke-related disability and death are significant on both the individual and societal levels, and the deterioration of neurological function after stroke exacerbates the adverse outcomes. Therefore, the study of neurological deterioration (ND) may help to improve stroke prognosis.
In the neurology department at a tertiary hospital in China, the average length of stay for cerebral infarctions is seven to ten days, and some patients develop ND during hospitalization. Many scholars have studied ND, especially in the early stages (generally considered to be the first 48-72 hours after stroke onset), and have concluded that ND has a negative impact on prognosis (3) (4) (5) . However, some patients with ND show improvements in neurological function by the time they are discharged from the hospital. Thus, it is likely that patients who show improvements in ND will have a different stroke prognosis than those who do not.
In this study, we focused on the group who did not show improvements in ND, and investigated the effects of the deterioration on short-term and long-term outcomes. Concurrently, we also explored whether ND in this group occurred during early or late hospitalization, and whether the time of occurrence affected the prognosis.
Methods

Patient selection
We retrospectively reviewed patient data from the stroke registry of the Department of Neurology of Tianjin Huanhu Hospital between October 1, 2008, and December 31, 2015. Diagnoses of acute cerebral infarction were made according to the World Health Organization criteria (6) . The inclusion criteria were as follows: (I) age ≥18 years, (II) diagnosis of acute ischemic stroke (confirmed by computed tomography or magnetic resonance imaging), and (III) firstever ischemic stroke having occurred within 7 days prior to admission. The exclusion criteria were as follows: (I) diagnosis of transient ischemic attack, cerebral hemorrhage, subarachnoid hemorrhage, brain tumors, or unspecified stroke; (II) history of serious medical disease(s), such as cancer, liver and/or kidney failure, cardiac insufficiency, or Parkinson's disease; and (III) patients unwilling to participate.
The present study was approved by the Ethics Committee of Tianjin Huanhu Hospital. Informed consent was obtained from all individuals prior to inclusion in the study. This study can provide guidance for the prevention and treatment of ND in patients and help them improve their prognosis, and conforms to the Helsinki Declaration as revised in 2013.
Between 2008 and 2015, a total of 9,650 patients were analyzed at discharge after stroke. Within three months after stroke, four patients could not be followed up due to tumor, trauma, or other diseases. Additionally, 142 patients died from unrelated causes, and we were unable to get in touch with 87 patients for follow-up. Therefore, 9,417 patients were reviewed and analyzed. By the time of the 1-year follow-up, an additional nine patients could not be followed up due to other reasons (e.g., tumor, trauma, other diseases), 94 patients died from unrelated causes, and we were unable to get in touch with 445 patients. Therefore, 8,869 patients completed the follow-up 12 months after stroke onset ( Figure 1) .
Demographic data and clinical characteristics
We collected demographic and clinical data including stroke risk factors (hypertension, diabetes mellitus, atrial fibrillation, dyslipidemia, cerebral artery stenosis, obesity, smoking, and alcohol consumption), stroke subtypes, and blood test results (including triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and fasting glucose). Demographic data included sex and age.
Neurological assessment and definition of ND
The severity of neurological function deterioration was assessed by trained neurologists using the National Institutes of Health Stroke Scale (NIHSS) at admission and discharge. In this study, we defined ND as an increase in the NIHSS score by ≥4 points during hospitalization that did not resolve by discharge (NIHSS at discharge minus NIHSS at admission ≥4). Early neurological deterioration (END) was defined as an increase in the NIHSS score by ≥4 points between the baseline and 48-hour evaluations. Late neurological deterioration (LND) was defined as an increase in the NIHSS score by ≥4 points between the 48-hour and discharge evaluations.
Follow-up and outcome assessment
The patients were followed up for 1 year and were evaluated via in-person interviews 3 and 12 months poststroke. The outcome data collected included functional impairment, recurrent cerebral infarction, intracranial hemorrhage, myocardial infarction, and death due to any cause. We used the mRS to evaluate functional impairment: Favorable outcome was defined as mRS score 0-2, and poor outcome as an mRS score ≥3, indicating that the patient could not live independently. The outcome endpoints were classified as either primary or secondary. The primary endpoint included two groups of patients: mRS 0-2 and 3-5; the secondary endpoint included three groups of patients, as follows: mRS 0-2, mRS 3-6, and a third group of patients with cerebral hemorrhage, recurrent stroke, and/ or myocardial infarction.
Statistical analyses
Categorical variables were reported as proportions and compared using the chi-squared test, while continuous variables were reported as medians and interquartile ranges, and compared using the Kruskal-Walls H test and the Mann-Whitney U test. The relationships between ND and outcomes were evaluated using multivariate logistic regression, accounting for confounding variables that were identified as significant (P<0.05) in the univariate analysis. Two-tailed tests of significance were performed, and P values <0.05 were considered statistically significant. All statistical analyses were performed using the SPSS software package, version 17.0.
Results
Baseline demographics and clinical characteristics of patients with and without ND
The baseline demographic and clinical characteristics of patients with and without ND are presented in Table 1 . A total of 9,650 patients [6,543 men (67.8%); median age, 65.3 years] were included in the present study. ND occurred in 293 patients during hospitalization. Among them, 192 (65.5%) were in the END group, and 101 (34.5%) were in the LND group. END and LND were associated with age, hypertension, diabetes, atrial fibrillation, and NIHSS at admission. There were no statistically significant differences with regard to smoking, drinking, obesity, dyslipidemia, atrial fibrillation, arteriosclerosis, or blood pressure on admission ( Table 1) . Tables 2 and 3 show the comparison of the risk factors associated to the outcomes in the END and LND groups, respectively. In the END group, the risk factors associated with outcomes at the 3-month follow-up included age, male sex, END, and NIHSS score at admission. Similar results were obtained at the 1-year follow-up. The secondary endpoints at the 1-year follow-up were associated with diabetes and alcohol consumption. In the LND group, the results were similar to those of the END patients, as Table 2 . Specifically, at the 3-month follow-up, the outcomes were significantly associated with age, male sex, LND, and NIHSS score at admission. In addition, the secondary endpoints were significantly associated with cerebral artery stenosis. By the 1-year follow-up, the outcomes were significantly associated with age, male sex, LND, and NIHSS score at admission. Further, the secondary endpoints were also associated with diabetes and alcohol consumption. There were no significant differences between outcomes related to atrial fibrillation, hypertension, or fasting glucose, at either 3 months or 1 year. Figure 2 show the multivariate logistic regression analyses of the ND groups and outcome variables. END and LND were significantly associated with poor outcomes at 3 months and 1 year. In the END group, ND was an independent predictor of poor primary and secondary outcomes at 3 In addition, age, male sex, and NIHSS score at admission were associated with outcomes in the END (model 1, model 2) and LND groups (model 5, model 6) at the 3-month follow-up after adjusting for confounding variables. At the 1-year follow-up, age and NIHSS scores at admission were independent predictors of primary and secondary outcomes in the END (model 3, model 4) and LND groups (model 5, model 6) after adjusting for confounding variables. Moreover, models 4 and 8 showed that diabetes and alcohol consumption were independent predictors of secondary endpoint outcomes at the 1-year follow-up in both the END and LND groups.
Risk factors between different groups classified by outcomes
Association between ND and outcomes
Discussion
Our study found that the development of ND during hospitalization was associated with poor short-and longterm outcomes. Importantly, the outcomes depended on whether ND occurred in the early or late phase of hospitalization.
Previous studies have focused on the factors affecting ND, such as old age (7, 8) , systolic blood pressure at admission (9,10), diabetes mellitus (11, 12) , stroke severity (13, 14) , and C-reactive protein (15) , among others. In our study, we found that age, hypertension, diabetes, NIHSS score at admission, and atrial fibrillation (16) were independent predictors of ND ( Table 4 ). Several hypotheses have been proposed regarding the mechanisms of ND, including excitotoxicity, inflammation, oxidative stress, and cortical spreading depression (17) . To date, few studies have analyzed the relationship between ND during hospitalization and prognosis (18) . Kim et al. showed that functional status at discharge is strongly associated with long-term mortality (19) . Further, recurrent strokes have been found to be associated with mortality (20) , and cerebral and myocardial infarctions may be reciprocal in nature, leading to poor prognosis (21) . Many studies have focused on the deterioration of neurological symptoms occurring in the first few days after stroke; however, some patients develop ND after this timeframe. Ma et al. focused on the latter patient group, and found that watershed infarcts and middle cerebral artery (MCA) and basilar artery (BA) stenosis or occlusion were independent risk factors for ND, as was pneumonia (18) . However, the study did not analyze the relationship between ND and prognosis in this group of patients. In addition, some studies have examined ND occurring between 7 and 10 days after admission, but focused more so on the factors affecting ND, rather than on the effects of ND on prognosis, and in particular longterm prognosis (8, 22) . Davalos et al. divided patients into the early progressing stroke (EPS) and late progressing stroke (LPS) groups based on a 24-hour cutoff, and found that LPS was a high-risk factor for poor prognosis at 90 days (8) , which is consistent with our findings. Appelros et al. found that stroke severity was significantly associated with mortality and dependency one year after stroke onset (23) , which has been confirmed in other studies (24, 25) . Stroke severity was also a predictor of recurrent stroke, as found in many other studies (26) , and is consistent with our results. In addition, Kim et al. showed that patients who experienced ND while in the hospital due to acute ischemic stroke had a higher risk of short-and long-term mortality, irrespec tive of initial stroke severity (19) . We also confirmed that patients who experienced ND during hospitalization and had not yet recovered at discharge had poor short-and long-term outcomes. Notably, our study confirmed that ND occurring in the later period of hospitalization was also associated with poor outcomes at 3 months and 1 year.
We found that LND predicted adverse outcomes at 3 months, including functional disability, cerebral hemorrhage, stroke recurrence, and myocardial infarction. Similar results were seen at the 1-year follow-up. Thus, the effect of ND on prognosis in patients with stroke is independent of the time at which ND occurs. Specifically, ND that occurs during hospitalization and does not resolve by discharge is predictive of a poor prognosis. We also found that ND during hospitalization might be associated with the recurrence of stroke, cerebral hemorrhage, or myocardial infarction, which is consistent with previous research (27) .
It is worth noting that our research demonstrated that ND was associated with poor outcomes regardless of whether it occurred in the early or late period of hospitalization. We divided ND as occurring either early or late during hospitalization using a 48-hour cutoff point, and found that both END and LND were independent predictors of poor short-and long-term outcomes. Previous studies have mainly focused on the short-term (3 months) prognosis of END, and confirmed the strong association of END with poor functional outcomes, including mortality and dependency (13, (28) (29) (30) (31) , which is consistent with our results. However, few studies have examined long-term prognosis, with the longest follow-up period for the effect of END on prognosis being 18 months (4). The authors found that END in patients with acute ischemic stroke was an independent predictor of poor outcomes after 18 months. The present study has some limitations. First, the singlecenter design may have resulted in selection bias. Second, we defined END as an NIHSS score ≥4 points, thus ignoring some patients whose NIHSS score had changed by less than 4 points. Indeed, this group of patients also had ND, thus, further research is needed to properly evaluate this group.
Despite these limitations, our findings have important clinical implications. Specifically, we found that the development of ND during hospitalization was an independent predictor of poor short-and long-term outcomes, regardless of whether ND occurred in the early or late stages. This suggests that the prevention of ND during hospitalization can help improve patient outcomes. In addition, we found that age, sex, NIHSS score at admission, diabetes, and drinking were independent predictors of ND. Therefore, hypoglycemia and abstinence may help to prevent the occurrence of ND. Together, these findings can help predict patient outcomes and guide treatment strategies in patients with stroke.
Conclusions
We showed that ND during hospitalization was an independent predictor of poor short-and long-term outcomes. Moreover, the same conclusion was reached regardless of whether ND occurred in the early or late stages of hospitalization.
